The`foraminoplastic' ventral epidural approach and its advantages in the treatment of extruded disk herniation at the L5-S1 level are described. Percutaneous endoscopic lumbar discectomy is a minimally invasive procedure applicable to various types of lumbar disk herniation, but the L5-S1 disk space is still challenging to access due to anatomic limitations such as high iliac crest or severely narrowed foramen. The`foraminoplastic' ventral epidural approach was performed in 25 patients with herniated disk radiculopathy at L5-S1 from March 2003 to May 2004. Their mean age was 39.2 years (range 20-67 years) and the mean follow-up duration was 32.5 months (range 28-42 months). During the procedure, foraminoplasty' was performed by undercutting the hypertrophic superior facet with the endoscopic bone cutter under C-arm guidance. The clinical result was assessed according to the visual analogue scale (VAS) and Oswestry disability index (ODI). Preoperative mean VAS score of 7.4 for leg pain fell to 1.6 postoperatively and mean preoperative ODI of 55.5% improved to 16.9% postoperatively, both showing significant improvements (p º 0.001). Mean hospital stay was 14.2 hours. Twenty-two patients had the favorable outcomes. Two patients required conversion to open microdiscectomy due to incomplete decompression and recurrent disk herniation. The`foraminoplastic' approach is a safe and efficient surgical option for L5-S1 disk herniation even in patients with high iliac crest and narrow foramen.
Introduction
Percutaneous endoscopic lumbar discectomy (PELD) has become well known since posterolateral percutaneous lumbar disk decompression was first introduced in 1983, 10) and numerous studies have reported successful endoscopic procedures for various lumbar spinal pathologies including lumbar disk herniation. 2, 8, 14, 15, 19) Endoscopic surgery has several advantages compared to open surgery, such as less injury to the paraspinal muscle and the normal tissue, and more rapid recovery. However, endoscopic treatment may be difficult to perform in the presence of anatomical limitations at the L5-S1 level, such as high iliac crest or narrow foramen. 16, 17) Therefore, surgeons have preferred to perform open lumbar microdiscectomy (OLM) instead of PELD. However, various endoscopic surgical options have been developed to overcome anatomical limitations.
The present study describes the technique of thè foraminoplastic' ventral epidural approach at the L5-S1 level to overcome such limitations.
Materials and Methods
A retrospective review was performed of 25 consecutive patients, 15 men and 10 women aged 20-67 years (mean 39.2 years) with extruded disk herniation at the L5-S1 level who underwent decompression by the`foraminoplastic' approach between March 2003 and May 2004. The mean hospital stay was 14.2 hours (range 4-36 hours). The inclusion criteria were as follows: extruded soft disk herniation producing radiating pain, high iliac crest or narrow foramen hindering approach to the L5-S1 level, no spinal stenosis, and no response to conservative treatment. Patients with radiculopathy caused by spinal stenosis, posterior pathology caus- Fig. 1 Photograph showing endoscopic bone cutters. These devices are cylindrical hollow instruments with a sharp serrated working end in 3 mm, 5 mm, and 7 mm sizes used for undercutting the superior facet or removal of part of the vertebral body. PELD Using Foraminoplastic Technique at the L5-S1 Level ing radicular symptoms, and calcified disk were excluded.
The clinical outcomes were assessed using the visual analog scale (VAS) for leg pain and Oswestry disability index (ODI). One author (Y.A.), who was unaware of the clinical details, examined pre-and postoperative neuroimaging findings. Statistical analysis was performed using the paired t-test and Wilcoxon's signed rank test. P value less than 0.05 was considered significant. The mean follow-up period was 32.5 months (range 28-42 months).
Preoperative dose of prophylactic antibiotic was administered. The patient was placed prone on a radiolucent operating table in the conscious state under local anesthesia. The imaginary line drawn to the fragment through the foramen designated the early point and the surgical trajectory. According to this guideline, the skin early point was approximately 8 to 11 cm apart from the midline in Korean patients. Under fluoroscopic guidance, an 18-gauge-long needle was inserted into foramen and the outer surface of the annulus and 1-1.5 cm 3 (less than 2 cm 3 ) of lidocaine was injected. A guide wire was inserted through the needle channel. After removal of the needle, a tapered cannula obturator was slid over the guide wire to the posterolateral margin of the facet. A beveled working cannula was introduced along the obturator, surrounding the superior facet and leaning against the root, which is safe. A 5-mm or 7-mm bone cutter (Arthro Kinetics PLC, Park Green, Macclesfield, U.K.) was then inserted through the working cannula depending on the amount of bone to be removed ( Fig. 1 ). Using the bone cutter, the lateral aspect of the superior facet was undercut, and the foraminal annulus was cut simultaneously ( Fig. 2A ). This procedure of bone cutting used a twisting motion involving moderate amount of force and under constant fluoroscopic control to prevent damage to the facet joint.
The endoscopic bone cutter could be advanced safely through the working cannula until the medial pedicular line was reached on the fluoroscopic anteroposterior view (Fig. 2B ). In addition, as the endoscopic-bone cutter is advanced, blood loss is prevented since the endoscopic-bone cutter pushed the resected bony fragment into the location of the venous sinus channel, so naturally blocking the sinus inducing natural homeostasis.
The foramen was then enlarged enough for foraminoplasty' (Fig. 2C) . The serrated end of the reamer did not pass beyond the medial border of the facet joint to avoid neural injury on model, axial, and sagittal magnetic resonance (MR) imaging, respectively (Figs. 3-5) . Then an obturator was introduced into the disk space working sheath and tapered again to observe the intradiscal portion. An 18-gauge-long needle was inserted along the guide wire to introduce disk space. Intraoperative discography was performed to determine the pathology.
Before the needle was withdrawn, a guide wire was inserted to introduce the serial dilation and obturator. The working sheath was introduced through the obturator. Every step of decompression was done under direct endoscopic view. The bluestained annular surface and part of the disk material could be observed under endoscopic visualization (Fig. 6) .
To access the herniated fragment, widening of the side hole of annular fissure was necessary. Therefore, with the side firing laser and a bipolar radio frequency (Elliquence } ; Elliquence International Inc., N.Y., U.S.A.), enough space was gained under excess saline irrigation. Then, using the endoscopic forceps, sufficient annulectomy was performed. The blue-stained herniated mass could be seen. With the side-firing laser, the superior and inferior slopes of the herniated disk were constricted. After that, the herniated mass was removed with the endoscopic forceps. Finally, free movement of dural sac and epidural pulsation could be visualized by changing irrigation pressure; the decompressed traversing root and dural sac could be confirmed after the intradiscal and epidural dissection (Fig. 7) . A subcutaneous suture was placed and a sterile strip was used. The narrow foramen was successfully decompressed and the result was confirmed by postoperative MR imaging (Figs. 4 and 5) . Most patients showed no postoperative problems, and were discharged from the hospital within 24 hours.
Results
The mean preoperative VAS score for leg pain was 7.4 ± 3.0 (range 0-10), whereas the mean ODI was 55.5 ± 21.7% (range 22.2-97.7%). The average duration of symptoms was 7.4 months (range 5-13 months). At the last follow up, at least more than 28 PELD Using Foraminoplastic Technique at the L5-S1 Level months postoperatively, mean VAS score for leg pain was 1.6 ± 2.6 (range 0-8), whereas the mean ODI was 16.9 ± 14.8% (range 0-64%). The improvements in the VAS for leg pain and the ODI were both statistically significant (p º 0.001).
Twenty-two patients showed excellent to good results at the last follow-up examination (Fig. 3) . However, one patient had fair outcome and two patients had poor outcomes. The mean period before return to work was 7.2 weeks (range 2-24 weeks). One patient was converted by OLM due to incomplete decompression. After the revision surgery, the patient could maintain normal activities and returned to work 8 weeks after the surgery. On the other hand, another patient underwent OLM after recurrent disk herniation. The other patient received further physical therapy and repeated injection therapy. Postoperatively, two patients complained of transient dysesthesia, which was improved completely 6 weeks later. During the study, no patient showed neurological deficit or infection.
Discussion
In contrast to other lumbar vertebral levels, the L5-S1 level presents unique anatomical limitations to the percutaneous transforaminal approach as follows: high iliac crest, ala, large facet joint, and narrow foramen. Analysis of the location of the extraforaminal lumbar nerve roots in relation to the intertransverse space by cadaveric dissection found that the L5-S1 level, due to lordotic curvature and the high iliac crest, creates difficulty in reaching the L5 nerve root and removing the extraforaminal disk herniation via the narrow intertransverse space. 6) The extraforaminal lumbar nerve root passes across the disk, so extreme care is required to avoid nerve root injury. In addition, measurements showed increases in the extraforaminal nerve root angle and diameter, and the distance between the superior facet and lateral limit of the nerve root from cephalad to caudal. The height and width of the intertransverse space was greatest at the L3-4 level and smallest at the L5-S1 level. Another finding was that the incidence of injury to the lumbar nerve root should be minimized during the posterolateral approach. 6) Therefore, most surgeons regard L5-S1 discectomy as a challenging procedure and fewer cases have been reported. 1, 9, [11] [12] [13] [14] The narrow foramen is likely to cause neural injury during the approach to the L5-S1 level, so PELD has not been considered desirable. 1, 4) Therefore, instead of performing conventional PELD, a posterior extrathecal needle approach was recommended to the L5-S1 disk space as an effective option for percutaneous laser disk decompression, especially for patients with high iliac crests. 5) The interlaminar approach 4) has been performed for lumbar disk herniation at L5-S1 with high iliac crest associated with wide interlaminar space and relatively small thecal sac, and transiliac PELD 3) has been used for upmigrated foraminal disk herniation with high iliac crest, which is not accessible by conventional transforaminal PELD or interlaminar approach. This interlaminar technique can use either the axilla approach or the shoulder approach. The axilla approach targets the axilla of the S1 root. The shoulder approach is used if there is no safe area in the axilla region. These two approaches are compatible. However, the interlaminar approach has several disadvantages. For instance, the narrow interlaminar space can result in dysesthesia and pain, as well as requiring expensive surgical instruments. Open microdiscectomy should be considered if preoperative neuroimaging detects no safe spaces in either the shoulder or axilla regions. 4) Access through the foramen with a working cannula seems very difficult at the L5-S1 level by the conventional posterolateral approach because of the various anatomical challenges. Therefore, we performed`foraminoplasty' to widen the foraminal space. The`foraminoplastic' approach allows expansion of the foramen and ablation of contributory osteophytes, disk protrusion, and epidural fibrosis. 1) We selected the bone cutter among the available surgical tools to expand the foraminal space, which has the best surgical results according to our experience. However, the choice of surgical tools for bone cutting remains controversial. Only a few surgeons use the bone cutter to undercut the superior facet. 1, 7, 9, [11] [12] [13] [14] 18, 19) Previous studies only reported a laser beam as a surgical tool for undercutting the hypertrophic superior facet and targeted structures. 1, 9, [11] [12] [13] 19) Nevertheless, our experiences indicate that the bone cutter has very competitive advantages, such as enabling the surgeon to remove hardened bony osteophytes or hypertrophic superior facet that covers and obliterates the neural foramen.
Our present surgical results suggest that thè foraminoplastic' approach has the following advantages. Neural injuries can be avoided, and postoperative foraminal stenosis can be prevented. We found that the working space was wider, which allowed treatment similarly to the epidural approach. During the`foraminoplastic' ventral epidural approach, we expected considerable blood loss while removing the superior facet with the endoscopic bone cutter, since removal of the soft tissue around the foramen might lead to profuse blood loss by interrupting the venous sinus channel. However, since the en-S.-H. Lee et al.
doscopic-bone cutter pushed the resected bony fragment into the location of the venous sinus channel, the sinus was naturally blocked inducing natural homeostasis.
Surgeons should be aware that understanding the exact anatomical conditions is the most important factor to obtain the best surgical results. Anatomically, L5-S1 presents rather different conditions compared to other levels, so could cause unpredicted intraoperative challenges in individual patients. We consider that surgeons cannot be too careful in selecting patients based on the best knowledge of thè foraminoplastic' approach. Even experienced surgeons and well-selected patients must make compromises in the surgical results.
The`foraminoplastic' ventral epidural approach is an effective surgical option even at the L5-S1 level in selected patients. Adequate working space must be obtained by undercutting the superior facet without neural injury. The`foraminoplastic' ventral epidural approach is possible in patients with high iliac crest and narrow foramen, thus assuring rapid recovery.
